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(54) MONOLITHIC FBAR DUPLEXER AND METHOD FOR MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a monolithic 
FBAR duplexer which can be made small- sized and 
reduced in manufacture cost and a method for 
manufacturing it. 

SOLUTION: On a single substrate, a transmitting filter 
and a receiving filter each having an L type section 
composed of a series resonator and a shunt resonator 
are provided and the shunt resonators of both the filters 
are provided with tuning layers and the series resonator 
of one of the filters and both the shunt resonators are 
provided with tuning layers to form the duplexer which 
has the transmitting filter and receiving filter differing in 
frequency. Thus, the size of equipment is reduced and 
the manufacture cost is lowered. 
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(57) [Abstract] 

[Technical problem] The approach of producing the monolithic FBAR 
duplexer and it which can attain a miniaturization and low production 



cost is offered. 

[Means for Solution] On a single substrate, the transmitting filter and 
receiving filter which have the L type section which consists of a 
series resonance machine and a shunt resonator, respectively are 
prepared, an alignment layer is prepared in the shunt resonator of both 
filters, and an alignment layer is prepared in both one series resonance 
machine of both filters, and a shunt resonator. The duplexer which has 
the transmitting filter with which frequencies differ, and a receiving 
filter can be formed on a single substrate, the size of a device can be 
reduced, and production cost can be reduced. 
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[Claim(s)] 

[Claim 1] It has a transmitter part as 1st component filter 
characterized by providing the following, and a receiver part as 2nd 
component filter. Both component filters are produced on a single 
substrate, and both sides contain at least one shunt bulk acoustic wave 
resonator and one serial bulk acoustic wave resonator. Each bulk 
acoustic wave resonator is the approach of producing the monolithic bulk 
acoustic wave duplexer prepared including the resonator part so that 
discontinuous construction might separate a resonator part from a 
substrate on discontinuous construction, (a) The process which deposits 
and patternizes the lower electrode material used as a lower electrode 
of each resonator of a duplexer (b) The process which deposits and 
patternizes the piezoelectric material used as a piezo electric crystal 
layer of each resonator of a duplexer (c) The process which deposits and 
patternizes the up electrode material used as an up electrode of each 
resonator of a duplexer (d) The process which prepares the alignment 
layer for the serial in one and shunt resonator of the process which 
prepares the alignment layer for the shunt resonator in each of two 
component duplexer filters, and a (e)2 ** component duplexer filter 
[Claim 2] The approach according to claim 1 of depositing on the 
location chosen from the group which a shunt alignment layer becomes 
between an up electrode and piezo electric crystal layers and from on an 
up electrode between a lower electrode and a piezo electric crystal 
layer between a mirror and a lower electrode in each shunt resonator. 
[Claim 3] The approach according to claim 1 of depositing on the 
location chosen from the group which the alignment layer of the series 
resonance machine in one and shunt resonator of two component filters 
becomes between an up electrode and piezo electric crystal layers and 
from on an up electrode between a lower electrode and a piezo electric 
crystal layer between a mirror and a lower electrode in the series 
resonance machine and shunt resonator of a component filter. 
[Claim 4] The approach according to claim 1 each discontinuous 
construction is a sound mirror. 



[Claim 5] Furthermore, the process which prepares a sound mirror and 
prepares at least one flat-surface spiral shape inductor which has the 
coil with which a coil to the innermost, outermost coil whirls around 
outside in a substantial flat surface is included. The process which 
prepares a sound mirror and a flat-surface spiral shape inductor on the 
(a) substrate In all the locations except the location in which the 1st 
layer of the sound mirror of the location in which the 1st metallic 
material is deposited on over all the front faces of a substrate, and 
the (b) coil is prepared, and each bulk acoustic wave resonator is 
prepared So that the 1st metallic material may be removed, may deposit 
the 1st dielectric materials over the whole front face by which (c) 
exposure was carried out, Bahia of the coil of (d) innermost part turned 
for beginning may be prepared, it may be filled up with (e) Bahia and 
the 1st metallic material may be contacted Deposit the 2nd metallic 
material over the exposed whole front face, and in all the locations 
except the location in which the 2nd metal layer of the sound mirror of 
the location in which the arm which connects the coil of (f) innermost 
part to a terminal is prepared, and each bulk acoustic wave resonator is 
prepared An approach including the process which removes the 2nd 
metallic material according to claim 4. 

[Claim 6] It has a transmitter part as 1st component filter 
characterized by providing the following, and a receiver part as 2nd 
component filter. Both component filters are produced on a single 
substrate, and both sides contain at least one shunt bulk acoustic wave 
resonator and one serial bulk acoustic wave resonator. Each bulk 
acoustic wave resonator is a monolithic bulk acoustic wave duplexer 
prepared in order that discontinuous construction may separate a 
resonator part from a substrate including a resonator part on 
discontinuous construction, (a) The patternized lower electrode material 
which is used as a lower electrode of each resonator of a duplexer (b) 
The patternized piezo electric crystal ingredient which is used as a 
piezo electric crystal layer of each resonator of a duplexer (c) The 
patternized up electrode material which is used as an up electrode of 
each resonator of a duplexer (d) The alignment layer for the shunt 
resonator in each of two component duplexer filters, and the alignment 
layer for the series resonance machine in one and shunt resonator of a 
(e)2 ** component duplexer filter 

[Claim 7] The monolithic bulk acoustic wave duplexer according to claim 
6 prepared in the location chosen from the group which a shunt alignment 
layer becomes between an up electrode and piezo electric crystal layers 
and from on an up electrode between a lower electrode and a piezo 



electric crystal layer between a mirror and a lower electrode in each 
shunt resonator. 

[Claim 8] The monolithic bulk acoustic wave duplexer according to claim 
6 prepared in the location chosen from the group which the alignment 
layer of the series resonance machine in one and shunt resonator of two 
component filters becomes between an up electrode and piezo electric 
crystal layers and from on an up electrode between a lower electrode and 
a piezo electric crystal layer between a mirror and a lower electrode in 
the both sides of the series resonance machine of a component filter, 
and a shunt resonator. 

[Claim 9] The monolithic bulk acoustic wave duplexer according to claim 
6 each discontinuous construction of whose is a. sound mirror. 
[Claim 10] Furthermore, a flat-surface spiral shape inductor is a 
monolithic bulk acoustic wave duplexer according to claim 6 which has 
the coil with which a coil to the innermost, outermost coil whirls 
around outside in a substantial flat surface including at least one 
flat-surface spiral shape inductor contained in the ingredient layer 
deposited on the single substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a thin film bulk 
acoustic wave resonator. It is still more specifically related with the 
bulk acoustic wave filter and bulk acoustic wave duplexer which are 
produced from a thin film bulk acoustic wave resonator. 
[0002] 

[Description of the Prior Art] As shown in drawing 9 , some resonators 



contain the sound mirror 12 including the resonator part 11 to which the 
thin film bulk acoustic wave (BAW) resonator 10 used the piezo electric 
crystal ingredient, for example, the layer of ZnO or A1N, as the base. 
Although not illustrated, other resonators called a bridge type BAW 
resonator contain the independent film. These all are attached on the 
substrate 14 made from glass. A BAW resonator can change an acoustic 
wave into an electrical signal or its reverse, and it can be used for it 
as a filter in an electronic circuitry for electrical impedance 
frequency dependent. 

[0003] Generally, the sound mirror of a sound mirror mold BAW resonator 
is formed from the combination of the ingredient layer of a different 
acoustic impedance. As a sound mirror forms the stack of a different 
ingredient layer on a substrate, it is formed on the substrate of glass 
by depositing various layers of a different ingredient. Next, a lower 
electrode accumulates on a sound mirror, continues, a piezo electric 
crystal ingredient accumulates on a lower electrode, and the so-called 
piezo electric crystal layer is formed. Finally, an up electrode 
accumulates on a piezo electric crystal layer. The combination of an up 
electrode, a lower electrode, and a piezo electric crystal layer is 
called the resonator section of a component. A sound mirror works so 
that the acoustic wave which answered the electrical potential 
difference impressed to inter-electrode, and was made by the piezo 
electric crystal layer may be reflected, and it insulates a substrate 
from a piezo electric crystal layer acoustically by it. Drawing 12 shows 
the cross section of two sound mirror mold BAW resonators produced so 
that it might operate as some band-pass filters on a substantially 
different frequency. 

[0004] As mentioned above, the bridge type BAW resonator formed on the 
film which separated the resonator section from the substrate by the air 
gap other than the BAW resonator containing a sound mirror, and became 
independent about the BAW resonator is known for the technical field 
concerned. 

[0005] The BAW resonator of both types is used as a component of the 
filter which forms the duplexer in a mobile phone. As shown in drawing 
10 , in a mobile phone, a duplexer 21 contains the transmitter 
(transmission: TX) filter 22 and the receiver (reception: RX) filter 23 
including a duplexer 21. As shown in drawing 11 , such a filter may be 
the so-called ladder type filter 31. Generally in L section, a ladder 
type filter contains a series resonance machine and a shunt resonator 
including at least one so-called L section. The filter 31 shown in 
drawing 11 is the above-mentioned ladder type filter which consists of 



two L sections 32 and 33 connected to the serial, and each L sections 32 
and 33 contain the shunt resonators 32b and 33b in two resonators 32a 
and 33a, i.e., series resonance machines, and a list. Two resonators 
which make the pair of each L sections 32 and 33 are aligned to the 
frequency from which only a few differed by producing so that one or 
more layers of one resonator may have the thickness from which only a 
few differed. Of course in alternative, the TX filter 22 or the RX 
filter 23 of a duplexer 21 may consist of only resonators 32 which are a 
single combination of series resonance machine 32a and shunt resonator 
32b. That is, it is a single-stage ladder mold filter. 
[0006] Occasionally a ladder type filter is called an impedance element 
filter (IEF), generally, it consists of one or more L sections or L 
segments, and each L section consists of even resonators, including 
[ therefore ] one series resonance machine and one parallel resonance 
machine. However, a filter is constituted from odd resonators by some 
application. For example, 2 1/2 stage filter can have two series 
resonance machines and three shunt resonators, or can have three series 
resonance machines and two shunt resonators. This invention is not 
limited to the filter which has even resonators. 

[0007] A mobile phone can also contain other filters (24 of drawing 10 ) 
with which the frequency other than a duplexer 21 approached the 
frequency of a duplexer. 

[0008] If instruction of the conventional technique is followed, using a 
BAW resonator as a filter component in a duplexer (therefore, called a 
FBAR duplexer) includes using two separate substrates which contain an 
external passive surface mounting component (SMD) as a component for 
each filter. 

[0009] What is needed is the approach of producing two filters used with 
a FBAR duplexer on a single substrate. Other filters which are ideally 
contained as a component of the device (for example, mobile phone) which 
uses a duplexer, and operate on the frequency near the frequency of a 
duplexer are producible on the same substrate, and they are advantageous. 
With the filter which operates near the frequency of the duplexer on a 
single substrate, and a duplexer, such production will reduce the size 
of a device and, in much more cases, will reduce the production cost of 
a device. 
[0010] 

[Means for Solving the Problem] Therefore, this invention offers a 
monolithic bulk acoustic wave (BAW) duplexer and the approach of 
producing it. A duplexer has the 1st filter as a component into a 
transmitter part, and has the 2nd filter as a component into a receiver 



part. Both component filters are produced on a single substrate, and 
have at least one shunt BAW resonator and at least one serial BAW 
resonator. Each BAW resonator contains a resonator part on discontinuous 
construction. Discontinuous construction is prepared in order to 
separate a resonator part from a substrate. The patternized lower 
electrode material with which a duplexer is used as a lower electrode of 
each resonator of a duplexer, The patternized piezo electric crystal 
ingredient which is used as a piezo electric crystal layer of each 
resonator of a duplexer, The patternized up electrode material which is 
used as an up electrode of each resonator of a duplexer, The alignment 
layer for the shunt resonator in each of two component duplexer filters 
and the alignment layer for the both sides of the series resonance 
machine in one and shunt resonator of two component duplexer filters are 
included. 

[0011] In the further mode of this invention, a shunt alignment layer is 
prepared in various locations in each shunt resonator. This location is 
whether it is between a mirror and a lower electrode, or is between a 
lower electrode and a piezo electric crystal layer, it is between an up 
electrode and a piezo electric crystal layer, or to be on an up 
electrode. 

[0012] In other further modes of this invention, the alignment layer for 
the both sides of the serial in one and shunt resonator of two component 
filters is prepared in various locations in the both sides of the series 
resonance machine of a component filter, and a shunt resonator. This 
location is whether it is between a mirror and a lower electrode, or is 
between a lower electrode and a piezo electric crystal layer, it is 
between an up electrode and a piezo electric crystal layer, or to be on 
an up electrode. 

[0013] In some application, each discontinuous construction is a sound 
mirror. 

[0014] In the mode of further others of this invention, a duplexer 
contains at least one flat-surface spiral shape inductor further. A 
flat-surface spiral shape inductor is prepared in the process which 
deposits the ingredient layer which builds a duplexer, and has the coil 
with which a coil to the innermost, outermost coil whirls around outside 
into a substantial flat surface. 
[0015] 

[Embodiment of the Invention] The above and other purposes of this 
invention, the description, and the advantage will become clear by 
considering detailed explanation of the following shown together with an 
attached drawing. 



[0016] When drawing 1 is referred to here, the duplexer according to 
this invention contains the receiver filter 51 and the transmitter 
filter 52. Both filters contain the shunt resonators 51b and 52b in at 
least two sorts of resonators 51a and 52a, i. e. , series resonance 
machines, and a list. Each resonator of each filter contains a lower 
electrode, a piezo electric crystal layer, and an up electrode. Each 
resonator is a resonator of a sound mirror mold, or is a resonator of a 
bridge type, and can include additional structure (not shown). As for a 
shunt resonator alignment layer, the shunt resonator of each filter 
changes the frequency of a shunt resonator from the frequency of a 
series resonance machine including a shunt resonator alignment layer. 
Furthermore, as for a transmitter alignment layer, the both sides of the 
series resonance machine of a transmitter filter and a shunt resonator 
change the frequency (namely, the center frequency) of a transmitter 
filter from the frequency of a receiver filter including a transmitter 
alignment layer. All the four resonators are deposited on the structure 
of a certain addition, and, ultimately, it is deposited on the single 
substrate of glass. Since a single substrate is used, such a duplexer is 
called a monolithic duplexer. 

[0017] Drawing 2 is the flow chart of the approach of producing the 
monolithic FBAR duplexer of drawing 1 according to this invention. This 
approach deposits a transmitter alignment layer on all the front faces 
of the built substrate, and then includes removing an alignment layer 
from a receiver filter component. The flow chart of drawing 2 does not 
show many of details of a production process for washing of a wafer 
(substrate from which each chip is cut), or deposition of a possible 
glue line clearly like the flow chart of drawing 4 and drawing 8 . If it 
is in outline level, he should understand drawing 2 , drawing 4 , and 
the flow chart of drawing 8 . After patternizing for every layer, i. e. , 
the layer, deposits, it is and patternizing, before the following layer 
deposits is desirable, but after all the layers deposit, all layers can 
also be patternized at once. Furthermore, theoretically, the combination 
of the aforementioned patternizing is also possible. For example, in a 
certain case, two layers deposited continuously may be patternized at 
one process after deposition. 

[0018] When drawing 3 is referred to here, other duplexers according to 
this invention contain the shunt resonators 71b and 72b in two sorts of 
resonators, i.e., series resonance machine 71a, and 72a list again like 
the duplexer with which both filters were shown in drawing 1 including 
the receiving filter 71 and the transmitting filter 72. However, this 
duplexer has the transmitter alignment layer deposited between but [ not 



on an up electrode ] the piezo electric crystal layer and the lower 
electrode. Drawing 4 is the flow chart of the process which produces 
such a monolithic FBAR duplexer according to this invention. The 
alignment layers for the serial of the alignment layer for a shunt 
resonator or a transmitter and a shunt resonator may be any of a metal 
layer or a dielectric layer, a metal alignment layer is patternized 
(removed from between resonators), and if there is nothing, it will not 
become. Otherwise, such an alignment layer will make all resonators 
short-circuit. 

[0019] When a shunt resonator or the alignment layer of a transmitter is 
a metal alignment layer, an alignment layer may be put on somewhere 
between an up electrode and a piezo electric crystal layer or on an up 
electrode between a lower electrode and a piezo electric crystal layer 
between four locations, i.e., a mirror and a lower electrode. A metal 
alignment layer has the advantage of addition of decreasing the 
resistance loss of an electrode a little. 

[0020] On the other hand, when a dielectric layer is used for an 
alignment layer, there must be an alignment layer the bottom of a lower 
electrode, or on an up electrode. Otherwise, such an alignment layer 
will decrease electric field inside a piezo electric crystal layer, and 
this will result in decreasing a coupling coefficient. When such an 
alignment layer is used in order to carry out the CHUN down (tuning 
frequency is made low) of the transmitter filter, it can leave without 
patternizing inside the boundary of this filter. However, it should be 
patternized supposing it is placed on an up electrode. In the case of a 
monolithic duplexer, of course, it is also possible to combine the two 
alignment approaches. For example, in order to align a transmitter 
filter, a dielectric layer is used, and a metal layer is used in order 
to align the shunt resonator of each filter. 

[0021] The ingredient used for an alignment layer (a transmitter 
alignment layer or shunt resonator alignment layer) is a metal (for 
example, aluminum, copper) or a dielectric (for example, diacid-ized 
silicon, a silicon nitride). Removing an ingredient from the field where 
the wafer was chosen is performed by the approach learned for the 
technical field concerned. Such alternative removal of an ingredient is 
ordinarily performed in an integrated-circuit (IC) process, and is 
called patternizing. 

[0022] Further, the layer same on the both sides of a transmitter filter 
and a receiver filter other than the operation gestalt shown in drawing 
2 and drawing 4 is used for this invention, and it includes adding an 
alignment layer to the filter (usually transmitter) which operates on a 



lower frequency. As formed by depositing one or more layers of a filter 
unlike growing up a thick alignment layer with the whole substrate, this 
forms the alignment layer suitable for a lower frequency part, and then 
removes the predetermined amount of an alignment layer alternatively by 
etching from a higher frequency part. 

[0023] If drawing 5 is referred to here, the instantiation-process which 
produces a filter, i.e., the transmitting filter of a duplexer, or a 
receiving filter is shown. Although what is shown in drawing 5 is 
producing three L sections connected to the serial of a filter on a 
single substrate unlike producing the both sides of a transmitting 
filter and a receiving filter on the same substrate, the production 
technique of three L section filters is the same as the case of a 
monolithic BAW duplexer. The process of production is the same as 
ordinary production active [ IC ]. The layer of the structure currently 
made is deposited on mutual and most layers are patternized using the 
usual lithography and etching. Here, patternizing means removing an 
ingredient alternatively from a certain field on a wafer, and does not 
mean use of a local ion beam. In the approach shown in drawing 5 , after 
the continuous layer which completes a sound mirror deposits one by one 
and deposits each metal layer between them, before depositing the 
following dielectric layer, a metal layer ingredient is alternatively 
removed from between each fields where a resonator part is built 
( drawing 5 (a) - (g)). Metaled deposition is usually performed by 
sputtering and a dielectric layer can be grown up by for example, the 
chemical-vapor-deposition method (CVD) or plasma CVD. As mentioned above, 
wet etching or dry etching can perform alternative removal 
(patternizing) of a metal layer. The edge where the metal layer inclined 
can be obtained by any etching approach. This helps to avoid the problem 
of an edge level difference coverage. In the case of a dielectric layer 
(low acoustic impedance), a desirable ingredient is Si02 or Si3N4, the 
ingredient with a desirable metal layer (high impedance) is W or Mo, but 
other ingredients can be used. When a piezo electric crystal layer 
deposits, it is crossed to all the front faces (on the already deposited 
layer) of a substrate. A piezo electric crystal layer like [ when 
producing for example, 2 stage balance filter ] it patternizes — not 
having (not removed alternatively) — it leaves — you may have (when 
Bahia, i. e. , the hole made by patternizing a layer, is prepared into a 
dielectric layer and a metal accumulates on a dielectric layer) Or it 
removes the case where the connection whose metal is filled up with a 
hole and passes along a dielectric layer is offered, a piezo electric 
crystal layer may be removed in all the locations except each Miller 



Stack top ( drawing 5 (i)). 

[0024] Then, if drawing 5 is referred to, as shown in drawing (a process, 
drawing 5 (b), (d), (f)), sound Miller's metal layer will be patternized 
and a separate stack will be formed in the bottom of each resonator. 
Probably, the big capacitance from the lower electrode of each resonator 
to a metal Miller layer exists, if this is not performed. This 
capacitance will produce parasitism capacity coupling to other 
resonators [ resonator / one ]. 

[0025] Then, drawing 5 is referred to. As shown in drawing 5 , Miller's 
metal layer is first prepared on a substrate (refer to drawing 5 (a)) 
(refer to drawing 5 (b)). Subsequently, prepare a dielectric Miller 
layer (refer to drawing 5 (c)), and, subsequently the 2nd Miller's metal 
layer is prepared (refer to drawing 5 (d)). Subsequently, prepare the 
2nd dielectric Miller layer (refer to drawing 5 (e)), and, subsequently 
the 3rd Miller's metal layer is prepared (refer to drawing 5 (f)). 
Subsequently, prepare the 3rd dielectric Miller layer (refer to drawing 
5 (g)), and, subsequently a lower electrode metal layer is prepared 
(refer to drawing 5 (h)). Subsequently, a piezo electric crystal layer 
is prepared (refer to drawing 5 (i)), subsequently a protective coat is 
prepared (refer to drawing 5 (j)), subsequently an up electrode metal 
layer is prepared (refer to drawing 5 (k)), and the after shunt 
resonator tuning layer is prepared (refer to drawing 5 (1)). Here, any 
of a metal layer or a dielectric layer are sufficient as the alignment 
ingredient of a shunt resonator (a process, drawing 5 (1)), and the 
overall alignment ingredient of a transmitting part. An alignment layer 
must be patternized supposing a metal is used. Otherwise, it will make 
all resonators short-circuit. A metal alignment layer (a shunt or 
transmitter alignment sake) is typically prepared in one of the four 
locations. That is, in the BAW resonator of a sound Miller form, it is 
between (2) lower electrodes and a piezo electric crystal layer between 
(1) Miller and a lower electrode between (3) up electrodes and a piezo 
electric crystal layer and on (4) up electrodes. The metal alignment 
layer is advantageous at the point of decreasing the resistance loss of 
an electrode a little. 

[0026] Supposing dielectric materials are used for an alignment layer, 
an alignment layer must be placed the bottom of a lower electrode, or on 
an up electrode. Otherwise, it will decrease the electric field inside a 
piezo electric crystal layer, therefore will decrease a coupling 
coefficient. If it is used in order that such a layer may carry out the 
CHUN down of the whole transmitter filter, it may be left behind without 
being patternized inside the boundary of this filter. However, if such 



an alignment layer is prepared on an up electrode, it will have to be 
patternized to the range in which Bahia is established, in order to 
connect to the remaining part of a duplexer circuit electrically the 
electrode which exists downward. If it is left behind without 
patternizing the dielectric alignment layer on an up electrode 
completely, all metal layers will be covered by the dielectric alignment 
layer in all locations. Since a certain hole which passes along such an 
alignment layer is required in order to incorporate an electrical signal 
from the external world to an electrode metal, Bahia must be patternized 
at least on the signal pad location for wire bond or flip chip bumps. In 
the case of a monolithic duplexer, of course, it is also possible to 
combine the two alignment approaches. For example, a dielectric layer is 
used for overall alignment (align the both sides of the shunt resonator 
of a transmitter filter, and a series resonance machine) of a 
transmitter, and a metal layer is used for shunt alignment (align the 
shunt BAW resonator of a transmitter filter, and the shunt BAW resonator 
of a receiver filter). 

[0027] Occasionally the response of a duplexer can improve with one or 
more shunt resonators and a serial additional inductance. An additional 
inductance carries out the down shift of the series resonating frequency 
of these resonators. Parallel resonance is not influenced. Although the 
conventional technique teaches use of such an additional inductance, it 
is not teaching use in a monolithic format, therefore, according to this 
invention, it is remarkably alike and one or more coils (flat-surface 
spiral shape inductor) for which the both sides of the receiver filter 
of a duplexer and a transmitter filter are prepared on the same 
substrate and which work as a component of a duplexer are accumulated on 
the same substrate by some application. Typically, the response of a 
ladder form filter contains two attenuation maximums. That is, they are 
two so-called notches and one notch exists in each passband side of a 
filter. The notch with a lower frequency can be raised using an inductor 
(it is made large). TX band and a frequency can be made in agreement by 
this, and the attenuation to RX from TX can be increased. Accumulating 
such an inductor (the format of a flat-surface spiral shape inductor 
being carried out) on the same substrate as other duplexer components 
(especially BAW resonator) reduces the size of the whole duplexer. The 
inductor made from the thin film process, i.e., a flat-surface spiral 
shape inductor, shows a quality value (Q value) low usually completely. 
It is because it is influenced by other parasitic elements related with 
the ingredient between big resistance loss and parasitism capacitance or 
an inductor, and a substrate. When producing a BAW duplexer, some metals 



used for production can be made quite thick, and are applicable to 
production of the flat-surface spiral shape inductor which reinforces a 
notch. Therefore, a coil (flat surface) becomes thick rather than it can 
set in the thin film production process of the conventional technique. 
When resistance of as opposed to a current in a thicker coil becomes low 
and produces such a coil as a part of production of a monolithic 
duplexer according to this invention, resistance loss decreases. 
Furthermore, with the Miller dielectric, electric insulation of the 
resonator part and coil which a BAW component usually has an advantage 
by the high resistance substrate (that is, a substrate is usually an 
electric insulator), and were deposited on sound Miller form structure 
is carried out from a substrate quite good, therefore they decrease the 
influence of the parasitic element to a substrate, and the Q value of a 
monolithic notch enhancement coil is improved. 

[0028] If drawing 6 and drawing 7 are referred to here, the flat-surface 
spiral shape inductor 100 of the type offered according to this 
invention is shown on the same substrate as a duplexer. Although drawing 
6 shows the flat-surface coil 100 and two metal layers of sound Miller 
used as discontinuous construction, in order to make it clear, it does 
not show the dielectric layer deposited between metal layers. Drawing 7 
shows that a metal layer is separated with the dielectric materials 
deposited on two layers so that it may explain later. A flat-surface 
spiral shape inductor is shown that it has two terminals 101 and 102. 
One of the terminals is connected to the innermost coil by the arm 103 
which crosses an outside coil and is extended. When it insulates from an 
outside coil and an arm 103 crosses an outside coil, it must be made not 
to have to make it have to short-circuit. Therefore, after the 
dielectric-materials layer 104 has been arranged on a coil, an arm is 
prepared, and Bahia 110 can connect an arm to the innermost coil. 
[0029] Drawing 8 shows how to produce the monolithic FBAR duplexer which 
contains at least one flat-surface spiral shape inductor on the same 
substrate as the BAW resonator of a duplexer according to the desirable 
operation gestalt of this invention. In the operation gestalt of drawing 
8 , after depositing sound Miller s 1st metal layer on all the front 
faces of a substrate, a metal layer is patternized and the 1st Miller 
layer and the 1st coil layer are prepared. Patternizing applies a 
photoresist, it exposes, and develops negatives and performs an etching 
process continuously in it, and includes removing the photoresist which 
remains after an etching process finally. Next, the dielectric materials 
used as sound Miller s 1st dielectric layer accumulate on the exposed 
whole front face (this is the front face of a substrate in a certain 



location, and is a metal layer which is used as sound Miller's metal 
layer, or is used as a flat-surface spiral shape inductor coil in other 
locations), these dielectric materials do not need to be removed 
alternatively, and with a desirable operation gestalt, they are not 
removed by the dielectric layer except for the case where Bahia is 
prepared in any locations in order to prepare connection in the 
innermost coil from a terminal to the innermost coil namely, — drawing 
6 — a terminal 102 to the arm 103 — minding. Next, the 2nd metal layer 
deposits on all locations, and is lengthened through Bahia in the 1st 
metal layer in beginning of the innermost coil. The 2nd metallic 
material must be the metal which is not corroded since the metal of the 
1st metal layer was contacted. That is, ideally, the 1st metal layer is 
a metal the same as that of the 2nd metallic material, or similar. A 
patternizing process similar to the patternizing process used for the 
1st metal layer is used, and the 2nd metallic material is removed in all 
locations except for the location in which the arm which connects the 
innermost coil to a terminal is prepared, and the location in which the 
2nd metal layer of sound Miller of each BAW resonator is prepared. 
Although production of a duplexer BAW resonator is continued for every 
layer and each layer of a metallic material and a piezo electric crystal 
ingredient is patternized next, each layer of dielectric materials is 
left behind as it deposited. 

[0030] Furthermore, a flat-surface spiral shape inductor is producible 
from either an up electrode metal or a lower electrode metal and the 
metal (gold which may be especially deposited on a substrate after 
production of a resonator) of the addition which is not further included 
in a fundamental process. 

[0031] The configuration explained until now should understand that it 
is only for illustrating application of the principle of this invention. 
Many corrections and a substitute configuration may be thought out by 
this contractor, without deviating from the meaning and the range of 
this invention, and it has the intention of the publication of an 
attached claim so that such correction and a configuration may be 
covered. 
[0032] 

[Effect of the Invention] On a single substrate, the transmitting filter 
and receiving filter which have the L type section which consists of a 
series resonance machine and a shunt resonator, respectively are 
prepared. Since the alignment layer was prepared in the shunt resonator 
of both filters and the alignment layer was prepared in both one series 
resonance machine of both filters, and the shunt resonator The duplexer 



which has the transmitting filter with which frequencies differ, and a 
receiving filter can be formed on a single substrate, the size of a 
device can be reduced, and production cost can be reduced. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the main structures of a different BAW 
resonator which may be used with the transmitter filter and receiver 
filter of a monolithic duplexer, and resonators only differ 
substantially in that one or more alignment layers are added. 
[Drawing 2] It is the flow chart which shows the approach of producing 
the monolithic FBAR duplexer by this invention, i.e., the approach of 
producing all the BAW resonators of a FBAR duplexer on a single 
substrate. 

[Drawing 3] Although it is drawing showing the main structures of a BAW 
resonator where monolithic duplexers differed, like drawing 1 , the 
points which a transmitter alignment layer deposits between but [ not on 
an up electrode ] a piezo electric crystal layer and a lower electrode 
differ. 

[Drawing 4] It is the flow chart which shows how to produce the 
monolithic FBAR duplexer shown in drawing 3 . 

[Drawing 5] It is drawing showing the technique which shows one (a 3 
stage L section filter is formed) process which produces some sound 
mirror mold BAW resonators on a single substrate, therefore is used for 
production of the monolithic BAW duplexer of this invention. Although 
the process shown here is removed from the area where only the metal 
layer was patternized, namely, some of filter front faces were chosen 
from some sound mirror ingredient layers and a dielectric layer is not 



patternized, other layers which form a filter are patternized including 
a lower electrode and an up electrode. 

[Drawing 6] In the operation gestalt containing a flat-surface spiral 
shape inductor, it is the top view showing some monolithic FBAR 
duplexers of this invention. 

[Drawing 7] It is an elevation corresponding to drawing 6 . 
[Drawing 8] It is the flow chart which shows the one approach of 
producing the monolithic FBAR duplexer containing a flat-surface spiral 
shape inductor by this invention. 

[Drawing 9] It is the schematic drawing showing the configuration of the 
conventional sound mirror mold BAW resonator. 

[Drawing 10] It is the schematic drawing showing the configuration of 
the duplexer of the conventional mobile phone, and a transmitter filter 
and a receiver filter are shown, and the filter of an addition of an 
option is shown. 

[Drawing 11] For example, it is the schematic drawing showing the 
configuration of the filter which can be used with the duplexer of 
drawing 10 , and each L section which consists of a ladder type filter 
which combined each L section with the serial, a serial BAW resonator, 
and a shunt BAW resonator is shown. 

[Drawing 12] It is drawing showing the configuration of two sound mirror 
mold BAW resonators of the conventional technique. 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 5] 
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